Introduction
============

The main goal of treatment in patients with glaucoma is preservation of visual function. The lowering of intraocular pressure (IOP) is the only therapy that shows evidence of preservation of the visual field.[@b1-opth-10-1351],[@b2-opth-10-1351] Monotherapy remains the preferred first treatment approach for newly diagnosed patients.[@b3-opth-10-1351] Latanoprost, travoprost, and bimatoprost are the most frequently used prostaglandin analogs for monotherapy owing to their powerful IOP-decreasing effects by facilitating outflow of aqueous humor. Tafluprost, a preservative-free prostaglandin medication, has also a proven preclinical and clinical IOP-lowering efficacy.[@b4-opth-10-1351],[@b5-opth-10-1351]

Brubaker[@b6-opth-10-1351],[@b7-opth-10-1351] suggested that the water-drinking test could be used as an indirect measurement method of outflow facility to compare IOP responses of glaucomatous eyes to different drugs. The ability of the eye to recover from a transient rise of IOP following water ingestion depends on the outflow facility.[@b7-opth-10-1351] A treatment that improves the outflow facility could affect IOP alterations measured with the water-drinking test. Herein, we aimed to observe clinical applicability of the water-drinking test in treatment-naive primary open-angle glaucoma (POAG) patients before and after prostaglandin analog treatment for treatment strategy during follow-up period.

Materials and methods
=====================

This prospective study included 20 patients who were newly diagnosed with POAG and 20 healthy subjects for control group. This study was conducted in accordance with the tenets of Declaration of Helsinki. All patients signed an informed consent agreement and the study was approved by the ethics committee of Mugla University before any procedure was performed.

All qualified subjects underwent a comprehensive ophthalmological evaluation, including visual acuity testing, slit lamp biomicroscopy, gonioscopy, indirect ophthalmoscopy with a +78 D lens, IOP measurement with a calibrated Goldmann applanation tonometer, central corneal thickness measurement, and visual field testing. POAG was defined as IOP level \>21 mmHg, with the presence of glaucomatous optic neuropathy, abnormal 24-2 SITA-standard visual field examinations (Humphrey Visual Field Analyzer II 740; Carl Zeiss Meditec AG, Jena, Germany), and open angles during gonioscopy. Glaucomatous optic neuropathy was defined using the following criteria: focal or diffuse neuroretinal rim thinning, focal or diffuse retinal nerve fiber layer loss, or an intereye vertical cup-to-disk ratio asymmetry \>0.2, not explained by differences in disk size. Abnormal visual field tests were defined by the presence of a cluster of three or more nonedge points that had sensitivities with *P*\<0.05 and one of the points presenting sensitivity with *P*\<0.01 or pattern standard deviation value with *P*\<0.05 or glaucoma hemifield test outside normal limits. Visual field testing was performed again at 6 months of the study. Visual field test results had to be reliable based on false-positive rates ≤25%, false-negative rates ≤25%, and fixation losses ≤33%.

Ocular exclusion criteria for the study were any previous treatment for glaucoma; closed or barely open anterior chamber angle; history of acute angle closure, previous incisional ocular surgery, and laser trabeculoplasty; any other ocular disease that could affect the visual fields or that could lead to increased IOP; and contraindication to any study medication. Patients with a history of cardiac or renal disease were also excluded.

Water-drinking tests were performed at the same time of the day by the same investigator and using the same calibrated Goldmann applanation tonometer. For the repeated water-drinking test, the investigator was masked to the results of the previous tests.

At the baseline, the water-drinking test was performed. After that, the prostaglandin analog treatment was initiated to POAG patients. The water-drinking test was repeated at 6 weeks and 3 months of the study after prostaglandin analog treatment. To evaluate whether the prostaglandin analogs provide sufficient IOP decrease, at least 20%--25% decrease in baseline IOP was required. If the patient had \<20% IOP decrease, the case would be considered as nonresponder patient or nonadherence to treatment. The water-drinking test was also performed in the control group at baseline and 3 months of the study.

The water-drinking test was performed as follows. Patients were asked not to ingest fluid 2 hours prior to the water-drinking test. The IOP was measured before the ingestion of water (baseline IOP) and after drinking 1 L of water in \<5 minutes. IOP was measured 15 minutes, 30 minutes, 45 minutes, and 60 minutes after water ingestion. The average of three measurements with Goldmann applanation tonometry was recorded at each time point. All measurements were performed between 2 pm and 4 pm.

IOP peak was defined as the highest IOP of the 15 minutes, 30 minutes, 45 minutes, and 60 minutes measurements obtained during each test. IOP fluctuation was defined as the difference between the peak IOP and the baseline measurement taken before patients began drinking water. Mean IOP was obtained from the mean of the 15 minutes, 30 minutes, 45 minutes, and 60 minutes measurements after water consumption. The eye with higher IOP of each patient was included in this study. If both eyes have similar IOP, right eye was selected for statistical analysis.

Statistical analysis
--------------------

The Kolmogorov--Smirnov test was used for confirming the normality of assumption. Data were reported as mean ± standard deviation. Paired *t*-test was used when comparing POAG patients and controls. A one-way repeated-measures analysis of variance was conducted to determine whether there were significant differences in the IOP measurements obtained from the water-drinking test at the baseline, week 6, and month 3. A post hoc test was performed using the Bonferroni correction to determine a significant difference between any two visits. The visual field test indices of POAG patients and the water-drinking test data of control group were analyzed using paired *t*-test. A *P*-value \<0.05 was considered as statistically significant. The study has 80% power to detect a difference of 1.0 mmHg between the measurements assuming an SD of 1.0 mmHg and an α-level of 0.05 with 20 eyes per group.

Results
=======

Twenty eyes of POAG patients and 20 eyes of control group were evaluated. The demographic and clinical characteristics of patients are presented in [Table 1](#t1-opth-10-1351){ref-type="table"}. Before prostaglandin analog treatment, the mean of baseline IOP in the POAG group was 25.1±4.6 mmHg. Latanoprost (six patients), travoprost (seven patients), and bimatoprost (seven patients) were administered to POAG patients. The mean baseline IOP was 19.8±3.7 mmHg at week 6, and it was 17.9±2.2 mmHg at month 3. The difference in mean baseline IOP of the water-drinking tests was statistically significant (*P*\<0.001). At 6 weeks of prostaglandin analog treatment, two patients had high IOP peak values and IOP fluctuation measurements, although they had an average of 22% baseline IOP reduction (baseline vs week 6: patient 1 \[under latanoprost treatment\]; peak IOP 30 mmHg vs 24.5 mmHg and IOP fluctuation 5.0 mmHg vs 5.0 mmHg, patient 2 \[under travoprost treatment\]; peak IOP 31 mmHg vs 25 mmHg and IOP fluctuation 4.5 mmHg vs 4.0 mmHg). Fixed prostaglandin/beta blocker combination was initiated to two patients. Patients had lower IOP peak and IOP fluctuation values at 3 months of the study (patient 1: 22.0 mmHg/3.5 mmHg and patient 2: 20.5 mmHg/2.5 mmHg; IOP peak and IOP fluctuation values, respectively). At 3 months of the study, in POAG patients, the decrease in mean baseline IOP was 7.2±3.4 in mmHg and 28% in percentage. The mean IOP values of the water-drinking test in POAG patients and controls at visits are shown in [Figure 1](#f1-opth-10-1351){ref-type="fig"}.

[Table 2](#t2-opth-10-1351){ref-type="table"} presents IOP peak and IOP fluctuation values at visits in both POAG patients and controls. In POAG patients, the decrease in IOP peak and IOP fluctuation was statistically significant (*P*\<0.001 and *P*=0.003, respectively).

No significant difference was observed in visual field test indices between baseline and month 6 (mean deviation: 4.25±2.32 vs 4.17±2.95, *P*=0.10 and pattern standard deviation: 3.31±2.53 vs 3.36±2.58, *P*=0.12).

Intracorrelation test was carried out to compare the test-retest variability of control patients. The intraclass coefficients for the two water-drinking tests in control patients were 0.89 for IOP peak and 0.62 for IOP fluctuation (*P*\<0.001).

Discussion
==========

Previous studies have indicated the importance of reduction in IOP for preventing the progression of glaucomatous damage.[@b2-opth-10-1351],[@b8-opth-10-1351] However, not only mean IOP but also peaks and diurnal variation of IOP have been shown as risk factors for glaucomatous progression.[@b8-opth-10-1351]--[@b11-opth-10-1351] Studies have shown that the IOP peak levels of the water-drinking test strongly correlate with the peak of shortened diurnal tension curves and long-term IOP measurements.[@b12-opth-10-1351],[@b13-opth-10-1351] Additionally, the change in IOP during the water-drinking test has been reported as a risk factor for visual field loss.[@b14-opth-10-1351],[@b15-opth-10-1351] Therefore, the water-drinking test may be used as a determinative test for detecting patients whose IOP spikes could not be observed during office hours and who could have a risk for visual field progression. The water-drinking test has been used to assess the effectiveness of treatments including medications and filtering surgery as well as monitoring IOP peaks. In our study, we evaluated the clinical applicability of the water-drinking test in the management of treatment-naive POAG patients. The study was conducted on POAG patients treated with only prostaglandin analogs for providing treatment homogeneity and studying a glaucoma medication enhancing outflow. Ninety percent of patients had lower IOP peak and IOP fluctuation values as well as lower baseline IOP measurements with the water-drinking test after prostaglandin analog medication, whereas 10% of patients had high IOP peak and IOP fluctuation measurements despite lower mean baseline IOP values. Lower IOP peak and IOP fluctuation measurements were provided with the water-drinking test at month 3 after a fixed prostaglandin/beta blocker combination was initiated. This clinical experience indicates that treatment strategy could be managed according to IOP measurements in response to the water-drinking test despite a reduced mean IOP.

The mechanism of IOP increase after water ingestion remains unclear. Many mechanisms such as plasma hypoosmolarity-induced aqueous ultrafiltration, autonomic nervous system stimulation, increased episcleral venous pressure, and choroidal expansion have been proposed.[@b16-opth-10-1351]--[@b20-opth-10-1351] However, choroidal expansion mechanism seems to be more effective in angle closure eyes than in open-angle eyes or healthy eyes and this was quantified with optical coherence tomography studies.[@b21-opth-10-1351],[@b22-opth-10-1351]

Several studies have reported an increase in the facility of outflow after treatment with prostaglandin analogs.[@b23-opth-10-1351],[@b24-opth-10-1351] In our study, we found that patients on treatment with prostaglandin analogs had significantly less IOP peak and IOP fluctuation values compared to before treatment in response to the water-drinking test, that represents outflow facility indirectly. This finding also indicates an improvement in the outflow facility in patients under prostaglandin analogs treatment. If outflow facility is enhanced, the eye can cope with an increase in volume easily, so that the IOP peak and IOP fluctuation in response to the water-drinking test could be less. In a stress condition, to test the effect of IOP lowering medications on the ability to maintain IOP, Vetrugno et al[@b24-opth-10-1351] performed the water-drinking test in POAG patients under topical glaucoma treatment. The authors concluded that topical medications that enhance outflow may provide better IOP stabilization than medications that decrease aqueous humor inflow.

The IOP values in response to the water-drinking test can vary even with different prostaglandin analogs because of different effects on outflow facility. We did not compare the water-drinking test response in patients treated with different prostaglandin analog subtypes because of small sample size. Susanna et al[@b25-opth-10-1351] compared the IOP fluctuations using the water-drinking test in POAG patients being treated with latanoprost and unoprostone. The authors reported that patients under treatment with latanoprost had significantly less IOP fluctuations in response to the water-drinking test, compared to patients using unoprostone. In another study, it was reported that bimatoprost provided the lowest increase in IOP and the fastest recovery to baseline values with the water-drinking test compared with latanoprost and travoprost. The authors concluded that this result depends on dual mechanism of bimatoprost, both by enhancing the pressure-sensitive (trabecular) outflow and by increasing the pressure-insensitive (uveoscleral) pathways.[@b24-opth-10-1351]

Previous studies have suggested the importance of the water-drinking test to determine a risk factor for the development of glaucomatous visual field defect.[@b14-opth-10-1351],[@b15-opth-10-1351],[@b26-opth-10-1351],[@b27-opth-10-1351] Armaly et al reported that pressure change after water drinking as one of five potential risk factors was associated with the development of glaucomatous visual field defects in patients with open-angle glaucoma.[@b15-opth-10-1351] Besides, it was reported that in patients with progressive visual field loss, the IOP peak levels were significantly greater than the levels observed in nonprogressive group.[@b15-opth-10-1351],[@b26-opth-10-1351] Similarly, it was reported that eyes with worse glaucomatous lesion presented higher IOP fluctuations than the contralateral eyes, even when equally treated with topical medication.[@b27-opth-10-1351] No significant difference was found in visual field indices at 6 months of this study. In order to evaluate visual field progression, our study has a short follow-up period. The water-drinking test may be mainly useful in the case of visual field progression in apparently controlled patients. Therefore, it would be meaningful with long-term studies to detect whether there is a progression in visual field loss especially in cases with high IOP peak and IOP fluctuation measured with the water-drinking test despite low mean IOP.

Recently, reproducibility of the water-drinking test has been evaluated in treated and untreated open-angle glaucoma patients. It has been reported that during the water-drinking test, IOP peaks were highly reproducible, but IOP fluctuation was fairly reproducible.[@b28-opth-10-1351],[@b29-opth-10-1351] Similarly, in the control group of this study, the IOP peaks presented excellent reproducibility and IOP fluctuation was fairly reproducible with a slightly higher intraclass correlation coefficient value than other studies. This could be due to the difference in the analyzed population. Reproducibility of the water-drinking tests in POAG patients was not evaluated due to the change in treatment between the water-drinking tests.

Conclusion
==========

Our results showed that the IOP peak and IOP fluctuation in response to the water-drinking test were lower with prostaglandin analogs that enhance outflow compared with before medication. The water-drinking test can represent an additional benefit in the management of POAG patients, especially detecting higher IOP peak and IOP fluctuation values despite a reduced mean IOP. Therefore, it could be helpful as a supplementary method in monitoring IOP in clinical practice.

**Disclosure**

None of the authors have a financial or proprietary interest in any material or method mentioned, and there was no public or private support. The authors report no conflicts of interest in this work.

![Mean IOP values of the water-drinking test in POAG patients and controls.\
**Abbreviations:** IOP, intraocular pressure; min, minutes; POAG, primary open-angle glaucoma; WDT, water-drinking test.](opth-10-1351Fig1){#f1-opth-10-1351}

###### 

Demographic and clinical data of the patients

                       POAG patients (n=20)   Control patients (n=20)   *P*-value[a](#tfn1-opth-10-1351){ref-type="table-fn"}
  -------------------- ---------------------- ------------------------- -------------------------------------------------------
  Age (years)          54.5±7.28              51.2±9.81                 0.36
  Female/male          9/6                    10/7                      0.45
  CCT (μm)             551.3±22.1             548.8±18                  0.14
  Initial IOP (mmHg)   25.1±4.6               14.9±2.3                  \<0.001

**Notes:**

Unpaired *t*-test. Data presented as mean ± SD, number, or *P*-value.

**Abbreviations:** CCT, central corneal thickness; IOP, intraocular pressure; POAG, primary open-angle glaucoma.

###### 

Mean IOP peak and IOP fluctuation values at visits in POAG patients and controls

                    POAG       Control                                               
  ----------------- ---------- ---------- ---------- --------- ---------- ---------- --------
  Peak IOP          28.2±5.3   19.5±4.2   17.2±3.9   \<0.001   16.8±3.2   16.6±3.5   \>0.05
  IOP fluctuation   4.7±1.4    2.8±0.9    2.4±1.0    0.0032    2.2±1.1    2.0±0.8    \>0.05

**Notes:**

ANOVA for repeated measures;

paired *t*-test. Data presented as mean ± SD or *P*-value.

**Abbreviations:** ANOVA, analysis of variance; IOP, intraocular pressure; POAG, primary open-angle glaucoma.
